Cellular fatty acid (CFA) compositions of 561 asporogenous, aerobic gram-positive rods were analyzed by gas-liquid chromatography as an adjunct to their identification when grown on blood agar at 35°C. The organisms could be divided into two groups. In the first group (branched-chain type), which included coryneform CDC groups A-3, A-4, and A-5; some strains of B-1 and B-3; "Corynebacterium aquaticum"; Brevibacterium liquefaciens; Rothia dentocariosa; and Listeria spp., the rods had sizable quantities of anteisopentadecanoic (Ca.1s ) and anteisoheptadecanoic (Cal7:0) acids. Other species with these types of CFA included B. acetylicum, which contained large amounts of isotridecanoic (Ci13:0) and anteisotridecanoic (Cal3:0) acids. CFAs useful for distinguishing among Jonesia denitrificans, Oerskovia spp., some strains of CDC groups B-1 and B-3, Kurthia spp., and Propionibacterium avidum were hexadecanoic (C 16:0) acid, isopentadecanoic (Cil5:0) acid, and Ca15:0. The second group (straight-chained type), which included Actinomyces pyogenes;
Clinical microbiology laboratories are now increasingly required to identify asporogenous, aerobic gram-positive rods to genus and species levels or CDC taxon group (6-8, 13, 18) . Identification of these organisms is generally done by using biochemical criteria described by Hollis and Weaver (16) or by commercial kits (27, 30) . Gram-positive coryneforms can, however, be difficult to identify to the species level or to assign to as-yet-unnamed taxon groups by using classical identification schemes alone (18, 19) . In recent years, analysis of the cellular fatty acid (CFA) composition of bacteria by using gas-liquid chromatography (GLC) has become a valuable adjunct to bacterial identification (24, 25) . In this study, CFA profiles of asporogenous gram-positive rods were determined to assess their usefulness as a method of identification.
Much of the early research into the CFA composition of gram-positive rods was done by using short, packed columns, whereby certain key fatty acid isomers were poorly resolved and quantitated (1-5, 9-12, 14, 15, 21, 22, 29) . The CFAs of these organisms have not been rigorously reevaluated and reported since capillary columns (25) , rapid preparatory methods, and automation (20) were introduced to GLC. In this study, a state-of-the-art, high-resolution GLC was used to assess the CFAs of 21 Corynebacterium species; coryneform CDC groups 1, 2, A-3, A-4, A-5, ANF-1, B-1, B-3, D-2, E, F-1, F-2, G-1, G-2, and I-2; Arcanobacterium haemolyticum; Actinomyces pyogenes; Brevibacterium acetylicum; B. liquefaciens; Erysipelothrix rhusiopathiae; Oerskovia spp.; Propionibacterium avidum; Rothia dento-* Corresponding author. cariosa; Listeria spp.; Kurthia spp.; and Jonesia denitrificans. Early versions of a commercially available data base created for the identification of aerobes (Microbial ID, Inc., Newark, Del.) were based on the use of a medium which was not supplemented with blood, a 28°C incubation in air for a 24-h incubation period; it contained few coryneforms and many entries for bacteria not commonly seen in a clinical microbiology setting or in reference centers. Since early 1988, we have used the Microbial Identification System (MIS) Library Generation System (LGS) software to create and update a library for organizing CFA data derived from the coryneforms studied, as well as for other bacteria referred to our laboratory. Organisms used in this study were grown on blood agar at 35°C in a humid CO2 incubator for 24 h or for greater incubation periods, depending on the fastidiousness of the organism.
We report here that the usefulness of CFA composition as a method to distinguish among coryneform species and taxon groups ranged from excellent to poor. Nonetheless, such data could be used as a valuable adjunct in the identification of asporogenous, aerobic gram-positive rods.
MATERIALS AND METHODS
Bacteria. The clinical strains used in this study were obtained from the culture collection of the National Laboratory for Bacteriology, Ottawa, Canada, and were identified by conventional cultural and biochemical tests (16 Fatty acid derivitization. After incubation, sufficient quantities of bacterial growth to produce minimum total-area counts were harvested into a tube (13 by 100 mm) fitted with a Teflon-lined cap; this often amounted to one loopful of bacteria by using a calibrated disposable loop (catalog no. PL/2-A; Prolab Inc., Richmond Hill, Ontario, Canada). The fatty acid methyl esters were prepared by using the method described by Miller and Berger (20) . Briefly, the bacteria were saponified for 30 min at 100°C in 1 ml of 15% sodium hydroxide (NaOH; BDH Inc., Toronto, Ontario, Canada) in 50% aqueous methanol (certified reagent grade; Caledon Laboratories, Georgetown, Ontario, Canada). After cooling, 2 ml of the methylation reagent (325 ml of 6.0 N hydrochloric acid [BDH Inc.] plus 275 ml of methanol) was added, and the samples were heated at 80°C for 10 min. After cooling, 1.25 ml of a 1:1 (vol/vol) hexane (Caledon Laboratories)-ether (methyl tert-butyl ether, OMNISOLV grade; BDH Inc.) mixture was added and the samples were mixed by end-toend rotation for 10 min. The phases were allowed to separate by standing for several minutes, and the aqueous (lower) phase was carefully removed with a Pasteur pipette and discarded. Next, 3 ml of a base wash (10.8 g of NaOH in 900 ml of distilled water) was added to each sample and mixed by end-to-end rotation for 5 min. The phases were allowed to separate, and the organic (top) phase was removed to a Teflon-lined, septum-cap autosampler vial for analysis on the gas chromatograph.
GLC of CFAs. The fatty acid methyl esters (FAME) were analyzed by GLC with the 5898A-GLC MIS (HewlettPackard Co., Avondale, Pa.). This system includes a gas chromatograph with a flame ionizing detector and automatic sample injector with controller, an electronic integrator, and a minicomputer. (Table  3) . Considerable variation was observed in the volumes of key fatty acids, namely, octadecadienoic (C18:2cis9,12), oleic (C18:1cis9) and octadecanoic (C18:0) acids. Members of the second group could be subdivided into two parts on the basis of the combined volumes of the fatty acids (C18:2 plus C18:0). C. jeikeium; "C. tuberculostearicum"; "C. genitalium"; "C. pseudogenitalium"; C. bovis; C. xerosis; coryneform CDC groups D-2, E, F-1, F-2, G-1, G-2, I-2, and 2; Erysipelothrix rhusiopathiae; and Arcanobacterium hae- The unnamed peak with an ECL of 14.966 was found to occur in trace to significant amounts, especially in C. mycetoides, C. matruchotii, C. kutscheri, C. pseudodiphtheriticum, C. striatum, C. renale, C. minutissimum, and CDC group ANF-1. This peak was occasionally observed to be poorly resolved under the GLC run conditions employed in this study, thereby causing the entire sample to be flagged by MIS internal quality control (data not shown). The identity of this peak remains unclear and requires further investigation.
Other fatty acids were found to be typically associated with certain species or taxon groups. A. haemolyticum, Actinomyces pyogenes, E. rhusiopathiae, CDC group E, and CDC groups 1 and 2 all characteristically had small amounts of decanoic (C10:0), dodecanoic (C12:0), and tetradecanoic (C14:0) acids.
C. diphtheriae, C. ulcerans, and the type strains of both C. vitarumen and C. pseudotuberculosis differed from all other bacteria by the presence of large amounts of palmitoleic acid (C16:lcis9). The type strain of "C. genitalium" was unique in having a large amount (13%) of pentadecanoic acid (C15:0).
The type strain of C. cystitidis had moderate amounts of both C17:1A (11%) and C17:1B (8%). The type strain of C.
pilosum was observed to have a large amount (12%) of C17:1BC Small amounts of tuberculosteric acid were found in C. bovis (3%), "C. minutissimum" (1%), C. mycetoides (1%), C. pilosum (1%), "C. pseudogenitalium" (4%), two strains of CDC group F-2 (1%), group D-2 (6%), group G-2 (2%), "C. tuberculostearicum" (2%), and C. xerosis (1%).
DISCUSSION
In this study, CFA profiles of aerobic, asporogenous gram-positive rods were obtained to assess their usefulness in facilitating classification. Miller and Berger (20) had noted that changing the medium or growth conditions may produce different qualitative and/or quantitative CFA results for aerobic bacteria. Growth conditions and a blood agar-based medium employed in this clinical microbiology reference center were used to enhance the CFA results obtainable from even the most fastidious of organisms.
The importance of CFA composition as an adjunct to identification was dependent on which species or taxon group was under consideration. CFA was especially useful in discriminating between groups which otherwise are nearly identical biochemically by the Hollis and Weaver schemata (16) . The CFAs of coryneform CDC group A-4 ( Table 2) differed significantly from those of the biochemically similar CDC group 1 (Table 3) , concurring with the results of Na'was et al. (26) . Similarly, Brevibacterium acetylicum and CDC group A-5 are nearly identical by biochemical means (16) but were clearly differentiated by their CFAs (Table 2 ).
B. acetylicum had large volumes of Cj13:0, Ca13:0, Ci15:0, and Cj17:0. CDC group A-5 contained large volumes of Ca15:0, Cj16:0, and Cal7:0, corroborating the observation made by Na'was et al. (26) .
CFA composition assisted in the classification of certain gram-positive rods whose CFA data had not been reported previously in Bergey's (11) and which are rarely observed by most clinical microbiology laboratories (6, 19) . In the present study, CFA compositions for CDC groups A-3 and A-5; CDC groups and subgroups of B-1 and B-3 (Table 2) ; and Corynebacterium cystitidis; C. striatum; and CDC groups ANF-1, E, F-1, F-2, G-1, G-2, and 1-2 (Table 3) were reported. Heterogeneity of CFAs was observed among strains of CDC groups B-1 and B-3 after LGS editing, prompting the division of both taxa into subgroups. The existence of FAME subgroups among these taxa was not an unexpected observation; additional phenotypic and genotypic studies are required to clarify the taxonomic status of these unnamed coryneforms. Qualitative CFA composition, in some cases, was found to be sufficiently unique or discriminatory to be used as a highly regarded taxonomic criterion by itself. This included (Table  2 ) profiles of B. acetylicum, Jonesia denitrificans, Propionibacterium avidum, and Kurthia spp., concumng with conclusions of other workers (4, 12, 15, 17) . As observed previously by Collins et al. (10) , C. diphtheriae, C. ulcerans, and C. pseudotuberculosis, as well as the type strain of C. vitarumen, were shown (Table 3) to have sufficiently distinctive profiles to permit their use in rapid, presumptive identification. However, the majority of the study bacteria had CFA profiles which were qualitatively similar to those of other organisms within the same broad grouping but exhibited only quantitative differences in the volumes of key fatty acids. Both qualitative and quantitative differences in volumes of CFAs are effectively exploited by the MIS to discriminate among profiles of closely related bacteria. In this study, many of the asporogenous, gram-positive rods tested were observed to have similar CFA profiles and therefore could not be identified solely by GLC. In these cases, CFA compositions should be described in conjunction with conventional biochemical testing or other phenotypic criteria in order to identify these organisms.
